A simple Fast Neutron Gamma Ray system based on a common neutron and gamma sources, namely 252Cf and 137Cs, has been simulated using the MCNP4B Monte Carlo code. More than 160 materials from different categories were considered and the simulations showed that the examined facility offers remarkable benefit in discrimination between illicit and not illicit materials. The use of three beams, rather than two, further improves the material discriminator.
Introduction
Abandoned landmines and terrorist bomb attacks are severe issues threatening our society. To counter this threat, several technologies have been developed to detect explosive detection systems. The detection of hidden explosives is a major analytical problem that requires highly sensitive and specific methods for its solution. The existing technologies for explosive detection can be divided into three categories: non-explosive component detection, vapor and trace detection, and bulk detection. Unfortunately there isn't method without both benefits and drawbacks. For this reasons the improvement of security systems -not only in the aviation industry, is compulsory. In this respect, the scientific focus on the development of new illicit materials detection technologies is significant [1] [2] .
In the present day many inspection systems are based on the dual energy method with a view to scan hand baggage, parcels and containers. The discrimination of materials is achieved when the inspected object is alternately irradiated by X-ray with different energies. By comparing the difference in attenuation coefficients between organic and inorganic materials for high and low energy X-ray, the dualenergy method has been widely applied in luggage X-ray inspection systems for the purpose of material discrimination. With this method is easy to discriminate not only metals from organic materials, but also high-atomic number metals such as lead and uranium from common metals such as iron and aluminium. However are almost unfeasible to differentiate a wide range of organic materials [1] [2] [3] [4] [5] [6] [7] [8] .
The limitations of X-ray systems have motivated the development of alternative methods, including those based on neutrons. Fast neutrons are suitable to explore bulky objects because of their high penetration. An excellent scientific review by Buffler [3] classifies neutron-based methods in seven general categories. Useful information about the neutron and photon based techniques for chemical explosives detection in air cargo there are in the recently review by Runkle et al. [9] . Neutrons based systems and techniques are superior to X-ray systems but have not implemented by the security industry. We agree entirely with Buffer and Tickner [10] that the reasons for this are the high cost and the complexity of the neutron based systems.
The purpose of this work is to evaluate if a simple Fast neutron Gamma Ray (FNGR) system based on a small isotopic sources can offer significant information for the detection of illicit materials. Previous simulations by Fantidis and Nicolaou [11] have shown the benefit of using three instead of two nuclear beams in the same system. Also many dual, triple and quadruple systems have been evaluated at the same article. In this work a 252 Cf source and a 137 Cs gamma ray source, have been simulated using the MCNP4B Monte Carlo [12] code with intention to assess a new FNGR system.
Fast Neutron and Gamma Ray method
For the ideal case of narrow-beam geometry in which scattered radiation do not reach the detector, the transmission of the monoenergetic fast neutrons and gamma or X-rays through the object of density ρ and thickness x can be calculated by means of the following: 
for neutrons and gamma rays respectively. µ n , µ g are the neutron and gamma ray mass-attenuation coefficients correspondingly, I n and I g are the measured yield through at the investigated object and I n 0 , I g 0 are the measured yield without the object. The logarithmic ratio R, of the neutron and gamma-ray attenuation coefficients is:
The ratio R describes the material of the unknown object and is independent of its thickness.
The precise calculation of R values is necessary with the aim to distinguish the unknown object. The absence of monoenergetics sources leads to beam-hardening effects. In accordance with Liu et al. [7] there is an uncertainty of 1% on I n I n 0 value and 0.1% on I g I g 0 value. Using these values is easy to find the minimum and the maximum R value for each material.
Facility and sources
The geometrical configuration of the facility used in the present work is schematically shown in Fig. 1 and is similar to the one described previously, in Ref. 11 and 13 by Fantidis and Nicolaou. A cylindrical steel collimator, with a length of 100 cm and diameter of 3 cm, collimates a neutron or a γ-ray beam towards the object. The intensity of the beam transmitted through the object is calculated at the rectangular detector cell with dimensions 1.5 × 1.5 × 5 cm 3 . The cell is collimated by a steel cylindrical collimator having a length of 50 cm and a diameter of 1.5 cm. The unknown object is considered in a cubic form with a side of 20 cm and it is symmetrically placed around the axis of the two collimators at a distance of 200 cm and 150 cm from the source and the detector cell respectively. An isotropic disc source, with diameter of 3 cm, is considered in the simulations.
The 252 Cf neutron source is simulated like a Watt fission spectrum using the coefficients provided by the MCNP4B code. The source emits neutrons extends up to 10 MeV with a mean energy at 2.3 MeV. Further to the neutron emission, 252 Cf emits photons with a mean energy of 0.8 MeV [14] . 137 Cs (E γ = 0.662 MeV) was considered as gamma ray source. Just for the comparison two X-rays sources with 4 and 9 MeV end point energies with Bremsstrahlung spectra were also simulated.
Results and discussion
Fig . 2 shows the thickness of 24 illicit and not illicit materials from different categories for 0.1% transmission for the simulated sources. Penetration capabilities were calculated using the F2 tally with NPS up to 6x10 7 histories yielding an accuracy < 1%. In the case of neutrons there is good penetration in all cases and the penetration for the heavy materials (plutonium, uranium, gold, and lead) is excellent compared to gamma or X-ray sources. In the presence of organic materials neutrons have good penetration but gamma or X-rays sources gives excellent penetration capabilities. . The simulated R values are given in Table 1 . In Table 1 , chemical weapons are presented in bold, explosives are highlighted in underlined letters, drugs are written in italics, and non-illicit materials are in normal letters.
Fig. 1. The geometry for R values calculations (not in scale).

Material
The major advantage of the FNGR systems is the wide range of R values (between polyethylene and the heaviest metals) which is also more uniformly stretch, with fine resolution between of organic materials and light and heavy metals. To demonstrate this, the two FNGR systems, compared with a dual beam X-ray system with 4 and 9 MeV X-ray sources. Fig. 3 illustrates the R values for the 24 materials which studied before. It is clear that both FNGR systems achieve not only the good separation within the different classes of materials (organic materials, light and heavy materials) but also permit the discrimination between organic materials. The R values were calculated with the MCNP4B code, using the *F1 tally card which gives the energy over a detector surface in MeV. Calculations were carried out for NPS up to 8x10 9 histories yielding an accuracy of less than 0.08%. Based on the uncertainty values (1% on I n I n 0 value and 0.1 on I g I g 0 value), Table 2 shows the range for R value in each case for the materials which were illustrated in Fig. 3 . In order to evaluate the effectiveness of the FNGR systems comparison with typical X-rays systems, the numbers of materials with overlapped R values have been calculated. Cf gammas combination gives similar results (3.02% and 1.96% respectively). For comparison the typical dual system based on a 4 and 9 MeV Bremsstrahlung spectra X-ray sources has 9.75% and 6.01%. The combination of the two FNGR systems improves more the effectiveness of the simulated system (1.77% and 0.89% correspondingly). 
Conclusions
A simple FNGR system based on a 252 Cf and 137 Cs isotopic sources evaluated using the MCNP4B Monte Carlo code. The evaluation has been brought into effect on the basis of the R values and the percentage of materials with similar R values was used as gauges of the effectiveness of each source mode. The two dual beam FNGR systems offer very good discriminator capabilities among a wide range of organic threat materials, narcotics and explosives while the use of three sources, instead of two, develops the capability of neutron/gamma combination to separate similar in composition materials.
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